Abstract The present work was aimed to investigate the impact of the solid substrates mixture on Fructosyltransferases (FTase) and Fructo-oligosaccharides (FOS) production. An augmented simplex lattice design was used to optimize a three component mixture for FTase production. Among selected substrates corn cobs has highest impact on FTase production followed by wheat bran and rice bran. All two substrates and three substrate combinations showed the highest enzyme production than their individual levels. Among the tested various models quadratic model was found to be the best suitable model to explain mixture design. Corncobs, wheat bran and rice bran in a ratio of approximately 45:29:26 is best suitable for the FTase production by isolated Aspergillus awamori GHRTS. This study signifies mixture design could be effective utilize for selection of best combination of multi substrate for improved production of high value products under solid state fermentation.
Introduction
It is well known that there is a strong relationship between the food and health, which is a propellant force for the functional food market. Fructo-oligosaccharides (FOS) produced from sucrose by several fungal fructosyltransferases (FTase, EC 2.4.1.9) have received attention as calorie-free and noncariogenic sweeteners. FOS also uses as a prebiotic compound, they stimulate the growth of bifidobacteria and have also been used in the prevention of colon cancer [1] [2] [3] . Therapeutically FOS also uses to reduce cholesterol, phospholipid and triglyceride levels in serum [4, 5] . These are also used as a protecting agents in swine from Escherichia coli infections and controlling swine odor. FOS has received GRAS status (generally recognized as safe) from the FDA (Food and Drug Administration U.S). Due to potential application in food and pharmaceutical industry FOS are one of the highest consuming functional food product in the world. It was estimated that in Japan alone these sugar has US$800 million turnover per annum [6] .
FOS consists of a mixture of fructoseoligomers with two or three fructose units bound to the b-2,1 position of sucrose and they are mainly composed of 1-kestose, 1-nystose and 1-fructofuranosyl-nystose. FOS are found in small amounts in vegetables such as onion, garlic, Jerusalem artichokes, asparagus, bananas, rye, wheat and tomatoes. However, they are produced commercially through the enzymatic synthesis from sucrose by using microbial enzymes having FTase activity [1, 2, 4, 5, 7] .
Mixture designs are one of the emerging techniques for the optimization of the media components [8, 9] . The key to mixture experiments is that the mixture components are subject to a constraint that the proportions sum must be one. This is the case when attempting to optimize the mixture of several substrates in the media, as the sum of the proportions of all substrate in each mixture must be 100 %. Mixture experiment design has been used as an alternative to factorial experiments in elucidating the effects of nutrient proportions in plant-herbivore relationships [10] . Mixture experiments have become a subject of many studies and have also been extensively applied in biotechnology, pharmaceuticals, geology, petroleum, food, and tobacco industries [8, 11] . In the present study, mixture design was employed to evaluate the influence of mixed solid substrates on the FTase production by isolated Aspergillus awamori GHRTS.
Materials and Methods

Microorganism and Inoculum Preparation
An isolated A. awamori GHRTS (MTCC 9625) was used in this study. The culture was maintained on potato dextrose agar slants at 4°C after growth. The microorganism were grown regularly in a medium (pH 5.5) consisting of sucrose-10 g/L, yeast extract-2 g/L, KH 2 PO 4 -0.5 g/L, K 2 HPO 4 -0.5 g/L and MgSO 4 -0.5 g/L and incubated at 28°C. Spore suspension of 10 8 spores/mL was prepared under sterile conditions and used as inoculums for further experiments.
Preparation of Solid Substrates
Various agro-industrial waste materials were evaluated as a support as well as substrate for the FTase production. 10 g of each substrate was taken separately in 250 mL conical flask, moisturized with 10 mL of distilled water and sterilized. These substrates were inoculated with 2 mL of spore suspension. The content of the flasks were mixed thoroughly and incubated at 30°C in the incubator in a slanting position to get maximum surface area. Fermentation was carried up to 96 h.
Enzyme Extraction and Assay
The crude enzyme was extracted by simple contact method [12] using 0.1 M citrate buffer (pH 5.5). After fermentation the substrate was thoroughly mixed with 50 mL of buffer, the solution was filtered through the muscular cloth and the extraction process was repeated twice. All extracts were pooled and centrifuged at 8,000 rpm for 15 min. Supernatant was collected and used as enzyme source. FTase assay was carried out according to Sangeetha et al. [7] 0.5 mL of supernatant was incubated with 1.5 mL of the substrate (50 % sucrose prepared in 0.1 M citrate buffer, pH 5.5) at 55°C for 1 h. Enzyme activity was determined based on the glucose release after the reaction. The glucose released was measured using a glucose kit (GLUC, GOD-POD method; Bayer diagnostics India ltd, Baroda, India). One unit of FTase was defined as the amount of enzyme required to release 1 lmol of glucose in 1 min. Enzyme yield was expressed as units per gram dry substrate (U/gds).
Estimation of FOS
The FOS produced during the fermentation were analyzed by HPLC (LC-10A VP; Shimadzu, Kyoto, Japan) with a refractive index detector, using a polar-bonded phase column (SSExsil-NH2, 5 lm i.d., 250 9 4.6 mm) at room temperature with acetonitrile:water (75:25) as the mobile phase at a flow rate of 0.5 mL/min. The retention times of the individual FOS were compared with those of standards for identification. The final FOS was expressed as a percentage yield, based on the initial sucrose concentration.
Chemical Composition Analysis
All selected materials chemical composition was analyzed for its carbon, hydrogen, nitrogen and sulfur composition using Elemental Analyzer (Model Vario EL, Elementar Germany).
Mixture Designs for Substrate Optimization
In order to observe the mixed substrate effect on FTase production 3 solid substrates were taken and their combinations and concentrations were optimized by employing the mixture design. In these designs the total proportions of the different factors must be 100 % that is 10 g using 3 solid substrates. An augmented simplex lattice design was employed for the present study. The design consists a total of 10 runs where three experiments consist of pure mixtures (one for each component), three binary blends for each possible two-component blend, 3 three complete blends (all three components are included but not in equal proportions) and one centroid where equal proportions of all three components are included in this blend. Table 1 depicts the all 10 runs, the measured response of FTase production was assumed to be dependent on the relative proportions of the components in the mixture.
Analysis of the mixture models differs from the response surfaces models because of the constraint Rx i = 1. Linear to cubic models were used to simulate the best blend of components for optimal medium.
where Y is a response, b i is a linear, b ij is a quadratic and b ijk cubic coefficients, d ij is a parameter of the model. The b i x i represents linear blending portion and the parameters b ij represents either synergic or antagonistic blending.
Results and discussion
The solid substrate availability and cost of the materials are the major limiting factors in the SSF along with other process parameters [12] . Keeping this is in view several agro-industrial waste materials were screened for the FTase production. The data indicated that FTase production pattern varied with the type of agro-industrial waste materials used. Maximum enzyme production (6,120 U/gds) was observed with corn cobs (Fig. 1) followed by wheat bran (5,537 U/gds) and rice bran (3,168 U/gds). Minimum FTase production was noticed with husks of green gram (251 U/gds) and bengal gram (500 U/gds). The production of FOS is also follows the similar pattern. The variation of the production is attributed due to variation in the composition of the solid material. Table 2 presents the carbon, hydrogen and nitrogen percentage present in the substrates. Sathish et al., [8] reported that the solid substrate composition plays a vital role in the production of the enzymes. In the present study the FTase produced by the A. awamori GHRTS shows the much higher than the literature reports. Whereas Sangeetha et al. [7] reported that 22 U/mL/min of FTase was produced by the Aspergillus oryzae CFR 202 using rice bran as solid substrate and they reported that wheat bran & corn germ are the best sources for the enzyme production next to the rice bran. The FTase produced from the corncobs, wheat bran and rice bran were tested for the FOS production. The enzyme produced from the 3 materials have the capability to produce the trisaccharide (GF 2 ), tetrasaccharide (GF 3 ) and pentasaccharide (GF 4 ). The amount of FOS release is in accordance to their enzyme activity. In order to improve the enzyme production mixed substrates experiments were carried out with corn cobs, wheat bran and rice bran. 
Mixture Design
The solid substrate composition was optimized with the help of mixture design. This design consists of 10 experiments with various combinations of corn cobs, wheat bran, and rice bran. In all experiments FTase and FOS production followed the similar pattern and also given the similar statistical results, to reduce the complexity in the design explanation, this part is limiting to FTase only. It was noticed that FTase production was varied within the range of 3,212-7,026 U/gds (Table 1 ). All 2 & 3 combinations of selected solid materials showed the higher enzyme production than their individual levels, this is attributed due to change in the overall composition of the substrates with respect to sugars and nitrogenous compounds. Sangeetha et al. [7] observed that addition of rice bran to bagasse and tippi in the 7:3 ratio enhanced FTase production in 20 and 35 % respectively. It is higher than the addition of ammonium sulphate and urea. Sarria-Alfonso et al. [13] reported that mixture of rice husk and glucose in the ration of 1:2.5 respectively, increased the laccase production and biomass of Pleurotus spp. Indicating that mixing of the two solid substrates has the great impact on the enzyme production. In the Table 1 experimental runs from 7-10 indicates the various combinations of 3 selected solid materials. In these combinations 10th run where all 3 components are blended in equal proportions showed the highest enzyme (7,026 U/gds) production.
Further the design was analyzed by employing a multiple linear regression analysis by taking the FTase production as a response. To select an appropriate type of model sequential F tests were performed, starting with a linear to full cubic model. The ANOVA results of all four models are depicted in the Table 3 . From the Table 3 it is observed that only quadratic model is significant and remaining all other models (linear, special cubic and cubic) are insignificant. The quadratic model has high F value (21.01) and low P value (0.0064). Sathish et al. [8] and Yan et al. [14] also noticed that quadratic model is best suitable model for analysis of the mixture design. The special cubic and cubic models have the higher R [11] the model which have the higher R value and lower P value are significant based on this the cubic and special cubic models were rejected and further analysis was carried out with the quadratic model only.
The empirical relationship between FTase production (Y) and the 3 test variables in coded units obtained by the application of second order model is given by Eq. 5. 
where Y is response FTase production in U/gds and X1-X3 are the coded values of the test variables as per the Table 1 . The significance of each coefficient was determined by Student's t test and P values, which were listed in Table 3 . Among the linear terms corn cob has the highest magnitude (6,150.40) and lowest P value (0.00003) followed by the wheat bran and rice bran indicating that corn cob has the highest influence on the FTase production this is also evident from the Table 1 . Where as the interaction of corn cobs with wheat bran has no significance. The interaction of the wheat bran with rice bran showed the highest magnitude (7, 956 .98) and lowest P value (0.005117) than the interaction between the corn cobs and wheat bran. Triaxial diagrams are graphical representation of combinations of raw materials, rather than predictive illustration of product. The task of optimizing mixtures of different substrates could be carried out using a triangular surface response. Figure 2 represents the triangular graphs, which shows the level curves of FTase yield as a function of compositions obtained from Eq. 5. From the graph it was observed that the highest yield was observed near to the corn cob and wheat bran axial line.
A numerical method given by Murugappan et al. [15] was used to solve the regression Eq. 5. The results indicated that 45.31 % corn cobs, 28.71 % wheat bran and 25.96 % rice bran combination is the best solid substrate/ support for the enzyme production. At this combination the predicted FTase & FOS yield was 7,142 U/gds & 21.85 % respectively by conducting the validation experiments it was observed that 7,131 U/gds enzyme and 21.9 % FOS was produced by A. awamori GHRTS. Figure 3 depicts the growth of the fungal mycelia on the surface of the solid substrate mixture indicates, it is a best support for the growth of organism and promotes the production of extra cellular FTase. More than 15 % enzyme yield improvement was achieved by optimizing the composition of substrate mixture with the help of mixture designs.
Conclusion
It is concluded that, the results presented in this paper showed that it was possible to obtain large amounts of FTase enzyme and FOS using very low cost substrates. Mixture design could be an effective method for selection of best combination of multi substrate for improved production of microbial enzymes under SSF. Due to low cost, worldwide abundance and high levels of FTase production in SSF using corn cobs, wheat and rice brans as substrates, and this method could be scale up to industrial level.
